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746.e1 The Journal of Thoracic and CarObjectives: We sought to evaluate renal function assessed on the basis of calculated
creatinine clearance as a predictor of early mortality and postoperative complica-
tions in patients undergoing coronary artery bypass grafting and to assess whether
calculated creatinine clearance is superior to serum creatinine concentration in
predicting early death postoperatively.
Methods: Six thousand seven hundred eleven consecutive patients without dialysis-
dependent renal insufficiency undergoing a first isolated coronary artery bypass
grafting were included. Preoperative serum creatinine concentrations and creatinine
clearance calculated by using the Cockroft-Gault formula were related to mortality
within 30 days postoperatively.
Results: There were 136 early deaths. After adjustment for age and other confound-
ers in multivariate analyses, moderate (calculated creatinine clearance 30-60 mL/
min) and severe (calculated creatinine clearance 30 mL/min) renal insufficiency
predicted early mortality (odds ratio of 2.4 [95% confidence interval, 1.2-4.8] and
odds ratio of 4.8 [95% confidence interval], 1.6-13.9, respectively) compared with
normal (calculated creatinine clearance90 mL/min) renal function. The area under
the receiver operating characteristic curve for calculated creatinine clearance and
serum creatinine concentration was 0.71 and 0.62, respectively, yielding a differ-
ence of 0.08 (P  .0004). No increased risk of mediastinitis or bleeding was
observed in patients with renal insufficiency.
Conclusion: Moderate and severe renal insufficiency independently increase the risk
of early death after coronary artery bypass grafting. Our results indicate that
calculated creatinine clearance is a better predictor of early mortality postopera-
tively than serum creatinine concentration.
Patients with renal insufficiency (RI) have an increased risk of cardiovascularevents independent of other risk factors.1,2 This is true already for mild RI inboth men and women.3-5
It is also known that patients with end-stage renal disease who require dialysis
have a markedly increased mortality after myocardial infarction (MI), as well as
coronary artery bypass grafting (CABG).6-8 Several studies have assessed the risk
associated with mild or moderate RI in patients undergoing CABG.9-12 In these
studies renal function has been defined according to levels of serum creatinine and
not to calculated creatinine clearance (Ccr). Because serum creatinine concentra-
tions are affected by several factors other than the filtration of creatinine, Ccr will
provide a more accurate estimate of renal function.13
We hypothesized that patients with impaired renal function would have a higher
risk of early mortality and postoperative complications after undergoing CABG than
patients with normal renal function. Another purpose was to compare Ccr with
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tality after CABG.
Methods
Patients
All patients without dialysis-dependent renal failure who under-
went a first CABG without any concurrent intracardiac or vascular
procedures at the Karolinska Hospital in Stockholm, Sweden,
between 1980 and 1995 (n  6711) were included. During this
period, 12 patients with end-stage renal failure requiring dialysis
underwent CABG at the same hospital. All patients were operated
on during cardiopulmonary bypass. The following information was
registered from medical records for all patients: age, sex, height,
weight, diabetes mellitus, hypertension, peripheral vascular dis-
ease, left ventricular function (LVF), year of operation, left main
coronary artery stenosis, number of significantly obstructed coro-
nary arteries, prior stroke, prior MI, unstable angina during the
current admission, serum creatinine concentration, dialysis-depen-
dent renal failure, prior cardiac surgery (CABG, valve procedure,
or any thoracic vascular surgery), postoperative bleeding, and
mediastinitis.
Of 6711 patients included in the study, 6521 (97%) had com-
plete data on history of MI, weight, height, previous stroke, dia-
betes mellitus, unstable angina, hypertension, peripheral vascular
disease, serum creatinine concentration, left main coronary artery
stenosis, and number of significantly obstructed coronary arteries.
In 1114 (17%) patients information on LVF was not available. All
patients had complete data on age, sex, and year of operation.
Renal Function
Serum creatinine concentration was measured at the time of hos-
pital admission. During the whole study period, serum creatinine
concentration was analyzed by the same method14 and at the same
laboratory at the Karolinska Hospital, Stockholm, Sweden. Ccr
was calculated by the equation of Cockroft and Gault15 as follows
for men: (140 - Age)  (Weight;kg])/72  (Serumcreatinine
[mol/ L]/88.4). In women the value was multiplied by 0.85. RI
was defined according to the guidelines from the National Kidney
Foundation.16 Normal renal function was defined as a Ccr of 90
mL/min or more. Mild, moderate, and severe RI was defined as
Ccr values of 60 to 90 mL/min, 30 to 60 mL/min, and less than 30
mL/min, respectively. Ccr could not be calculated in 156 (2%)
patients because of missing data on serum creatinine concentration
(n  103), weight (n  13), or serum creatinine concentration and
weight (n  40).
Definitions
Patients were defined as having diabetes if they were taking insulin
or oral hypoglycemic agents and as having hypertension if they
were taking antihypertensive medication. A coronary artery was
defined as significantly obstructed if the luminal diameter was
narrowed by at least 50%, as assessed visually by the physician
performing the coronary angiography. LVF was assessed by using
preoperative contrast ventriculography or echocardiography. LVF
was categorized as normal, reduced, or severely reduced according
to the assessment of the thoracic surgeon or the physician per-
forming the ventriculography or echocardiography. Normal LVF
was defined as an ejection fraction of more than 55% on ventricu-
The Journal of Thoracic alography or echocardiography, no dilation of the cardiac chambers,
and no dyskinetic, hypokinetic, or akinetic segments. A reduced
LVF was defined as an ejection fraction of less than 55% but more
than 30%. A severely reduced LVF was defined as a markedly
dilated ventricle with akinetic or hypokinetic segments or an
estimated ejection fraction of less than 30%. Peripheral vascular
disease was defined as a history of exertional claudication, prior
revascularization, or both to the legs. The patients were classified
as having unstable angina if they were admitted to the hospital
because of angina at rest, a new onset, or accelerated angina within
4 weeks of the operation or angina within 2 weeks of an MI. Body
mass index (BMI) was calculated by dividing weight in kilograms
by the square of height in meters.
Postoperative bleeding was defined as bleeding requiring reop-
eration within 48 hours after initial departure from the operating
room. Mediastinitis was defined as a postoperative deep sternal
wound infection requiring antibiotics and the return to the operat-
ing room for surgical intervention.
Outcome Data
Early mortality was defined as deaths occurring within 30 days of
the operation. Every person living permanently in Sweden has a
unique identification number that was used for record linkage to
the national cause-of-death register, where all the deaths in Swe-
den are registered with essentially a complete coverage. If there
was no information on a prior MI in the medical record, 2 registers
were used to confirm this, one that contains information on all MIs
occurring in the population of Stockholm County between 1972
and 1995 and one with information on all MIs that occurred in
Sweden during the period of 1987 through 1995.
Statistical Analysis
Patient characteristics were compared between groups categorized
by calculated Ccr by differences in means or proportions. Contin-
uous variables are presented by using means with 1 standard
deviation, and differences in means between patient groups are
evaluated by using analyses of variance. A global test of the
hypothesis of no differences between the groups compared was
performed with a 2 test for categorical variables and analysis of
variance for continuous variables. Early death for patients with
reduced Ccr compared with patients with normal Ccr was analyzed
by logistic regression. These analyses were performed crude, ad-
justed for age at operation only, and with multivariate adjustment
for potential confounding from other patient characteristics. In the
multivariate analyses, variables included in the final model were
those with an influence exceeding 10% on the estimated odds ratio
(OR) for Ccr in relation to the outcome (eg, early mortality).
Information about LVF was missing in 17% of patients, and in this
group there was a tendency toward reduced Ccr and an increased
risk of early death. Excluding this group would most likely under-
estimate the association between Ccr and early mortality. To retain
information on the association between Ccr and mortality, we
included subjects with missing data on LVF as a separate category
in the multivariate analyses. Age and BMI were included as
continuous variables, and all other variables were dichotomized.
For most variables, the dichotomies represented the presence or
absence of the characteristic. Year of operation was subdivided
into the following categories: 1980 through 1984, 1985 through
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operation was treated as a continuous variable. The sensitivity and
specificity of serum creatinine concentration and calculated Ccr,
respectively, for the identification of early deaths after CABG were
analyzed by receiver operating characteristic (ROC) curves. In
these analyses serum creatinine concentration and Ccr were en-
tered as continuous variables in the interval of 50 to 200 (serum
creatinine concentration) and 25 to 150 (Ccr). Because of small
numbers, patients outside these intervals were grouped into one
category. The areas under the ROC curves were calculated and
compared with nonparametric methods by Mann-Whitney statis-
tics together with a 2 test for the differences in areas under the
curves.
SAS statistical software, version 8.2 (SAS Institute, Inc, Cary,
NC), was used for all analyses.
Results
Patient Characteristics
There were 1262 (19%) women and 5449 (81%) men in the
TABLE 1. Characteristics of 6711 patients undergoing coro
to preoperative creatinine clearance
All
patients* >90
No. of patients (%) 6711 1888 (28
Age (y) 61 9 54  8
BMI 26 3 28  3
Serum creatinine (mol/L) 100 31 85  13
Serum creatinine (mg/dL) 1.1 0.4 1.0 0.
Year of the operation
1980-1984 (%) 1372 (20) 448 (24
1985-1989 (%) 1842 (27) 486 (26
1990-1995 (%) 3497 (52) 954 (51
Unstable angina (%) 1126 (17) 276 (15
Hypertension (%) 2011 (30) 549 (29
Previous MI (%) 3862 (58) 1028 (54
Previous stroke (%) 390 (6) 81 (4)
Peripheral vascular disease (%) 451 (7) 70 (4)
Diabetes mellitus (%) 852 (13) 287 (15
Insulin treatment (%) 298 (35) 82 (29
Oral medication (%) 456 (54) 159 (55
Coronary artery disease
One vessel (%) 537 (8) 186 (10
Two vessel (%) 1547 (23) 497 (26
Three vessel (%) 3410 (51) 919 (49
Left main stenosis (%) 1180 (18) 282 (15
Left ventricular function
Normal (%) 2757 (41) 793 (42
Reduced (%) 2460 (37) 676 (36
Missing (%) 1114 (17) 333 (18
Postoperative morbidity
Early bleeding (%) 257 (4) 50 (3)
Mediastinitis (%) 58 (1) 15 (1)
BMI, Body mass index; MI, myocardial infarction, *Includes 156 (2%) patstudy (Table E1). Normal renal function was present in 28%
746.e3 The Journal of Thoracic and Cardiovascular Surgery ● Seof the patients. Forty-eight percent had mild RI, and 21%
had moderate RI. Severely reduced renal function with a
Ccr of less than 30 mL/min was present in 2% of women
and 1% of men.
With increasing degree of RI, the patients were older and
more likely to have hypertension, a history of MI or a
previous stroke, peripheral vascular disease, left main cor-
onary artery stenosis, unstable angina, lower BMI, and a
severely reduced LVF (Table 1). Diabetes mellitus was not
more common in patients with RI.
Outcome
There were 136 (2.0%) early deaths in total. Among 6555
patients with data on Ccr, there were 129 (2.0%) deaths. The
crude risk of early death increased both in men and women
with decreasing Ccr (Figure E1). In patients with severe and
moderate RI, early mortality was 10.9% and 4.2%, respec-
artery bypass grafting from 1980 through 1995 in relation
Creatinine clearance (mL/min)
60-90 30-60 <30 P value
3212 (48) 1391 (21) 64 (1) —
62  8 69  7 71  9 .001
26  3 25  3 24  3 .001
99  16 118  27 268 158 .001
1.1 0.2 1.3  0.3 3.0  1.8 .001
667 (21) 163 (12) 4 (6) .001
952 (30) 358 (26) 14 (22)
1593 (50) 870 (63) 46 (72)
486 (15) 317 (23) 25 (39) .001
945 (29) 450 (32) 34 (53) .001
1845 (57) 856 (62) 49 (77) .001
185 (6) 113 (8) 6 (9) .001
219 (7) 139 (10) 9 (14) .001
365 (11) 173 (12) 9 (14) .001
143 (39) 67 (39) 2 (22) .02
190 (52) 92 (53) 4 (44) .79
264 (8) 62 (4) 3 (5) .001
741 (23) 257 (18) 7 (11)
1641 (51) 750 (54) 38 (59)
548 (17) 314 (23) 15 (23)
1348 (42) 554 (40) 13 (20) .001
1200 (37) 514 (37) 26 (41)
499 (16) 211 (15) 17 (27)
117 (4) 80 (6) 6 (9) .001
27 (1) 14 (1) 1 (2) .85
without data on serum creatinine concentrations.nary
)
1
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)tively, compared with 0.7% in patients with normal renal
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dictor of early mortality after multivariate adjustment for
age, year of operation, previous MI, diabetes mellitus, pe-
ripheral vascular disease, and LVF. In patients with severe
RI, the risk of early death was significantly higher (OR, 4.8;
95% confidence interval [CI], 1.6-13.9) than in patients with
normal renal function. Similarly, the risk of early mortality
was higher (OR, 2.4; 95% CI, 1.2-4.8) in patients with
moderate RI than in those with normal renal function.
Only 3 women (13.0%) with severe RI and 16 women
(3.3%) with moderate RI died within 30 days of the oper-
ation. The point estimates suggested an increased early
mortality of approximately the same order as in men. Sim-
ilarly, after multivariate adjustment, there was a continuous
increase of OR for early death associated with decreasing
Ccr (Figure E2).
The area under the ROC curve for Ccr and serum creat-
inine concentration was 0.71 and 0.62, respectively, yield-
ing a difference of 0.08 (P  .0004). This significantly
greater area for Ccr compared with serum creatinine con-
centration is shown in Figure 1.
No increased risk of mediastinitis or reoperation for
bleeding was observed in patients with RI (Tables 3 and 4).
In 17% (n  1114) of the patients, information on LVF
was not available. Among these patients, most characteris-
tics did not differ compared with patients with information
on LVF. However, they were more likely to have unstable
angina and multivessel disease but less likely to have a
TABLE 2. Early mortality after coronary artery bypass graft
creatinine clearance
>90
OR OR
Men n  1715,
12 deaths (0.7%) 39
Crude 1.0 2.1
Adjusted for age 1.0 1.3
Multivariate adjustment* 1.0 1.3
Women n  173,
1 death (0.6%) 12
Crude 1.0 3.8
Adjusted for age 1.0 3.0
Multivariate adjustment† 1.0 3.1
All patients n  1888,
13 deaths (0.7%) 51
Crude 1.0 2.3
Adjusted for age 1.0 1.5
Multivariate adjustment‡ 1.0 1.4
Odds ratios are calculated in relation to patients with a creatinine cleara
for age, year of operation, diabetes mellitus, and left ventricular function.
left ventricular function. ‡Adjusted for age, year of operation, peripheralhistory of MI.
The Journal of Thoracic aFigure 1. Receiver operating characteristic curves comparing
calculated creatinine clearance and serum creatinine concen-
tration as predictors of early mortality in 6555 patients undergoinging from 1980 through 1995 in relation to sex and preoperative
Creatinine clearance (mL/min)
60-90 30-60 <30
95% CI OR 95% CI OR 95% CI
n  2661,
deaths (1.5%)
n  906,
42 deaths (4.6%)
n  41,
4 deaths (9.8%)
1.1-4.0 6.9 3.6-13.2 15.3 4.7-49.8
0.6-2.5 2.7 1.3-5.9 5.1 1.4-18.6
0.6-2.6 2.8 1.3-6.0 5.0 1.3-18.5
n  551,
deaths (2.2%)
n  485,
16 deaths (3.3%)
n  23,
3 deaths (13.0%)
0.5-29.7 5.9 0.8-44.6 25.8 2.6-259.9
0.4-24.3 3.9 0.5-32.0 15.5 1.4-176.2
0.4-24.1 4.5 0.6-34.6 15.4 1.5-164.1
n  3212,
deaths (1.6%)
n  1391,
58 deaths (4.2%)
n  64,
7 deaths (10.9%)
1.3-4.3 6.3 3.4-11.5 17.7 6.8-46.1
0.8-2.9 2.8 1.4-5.7 6.9 2.4-19.7
0.7-2.6 2.4 1.2-4.8 4.7 1.6-13.8
nce of 90 mL/min or greater. OR, Odds ratio; CI, confidence interval. *Adjusted
†Adjusted for previous myocardial infarction, peripheral vascular disease, andcoronary artery bypass surgery.
nd Cardiovascular Surgery ● Volume 130, Number 3 746.e4
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eratively among patients with missing information on LVF.
Analyses of early mortality corresponding to those pre-
sented in Table 2, but without including the patients with
missing information on LVF, provided lower estimates of
the risk associated with a moderately (OR, 2.3; 95% CI,
1.0-5.1) and in particular severely reduced renal function
(OR, 1.6; 95% CI, 0.3-8.7). Among patients with a Ccr of
less than 30 mL/min without information on LVF, a partic-
ularly high early mortality was present (OR, 14.6; 95% CI,
2.5-86.1) compared with that seen in subjects with normal
renal function.
Discussion
A number of studies have identified impaired renal func-
tion as a predictor of mortality and morbidity in patients
undergoing CABG. Early studies focused on rather pro-
nounced RI,17,18 but later studies have found that even
mild RI is of prognostic importance.9,11,12 Patients with
RI have an increased risk of acute renal failure, bleeding,
stroke, and prolonged ventilation, as well as prolonged
stay in the intensive care unit or otherwise in the hospital
postoperatively. Patients who have acute renal failure and
TABLE 3. Early reoperation for bleeding in 6555 patients und
in relation to preoperative creatinine clearance
>90
OR OR
All patients n  1888,
50 bleedings (2.6%) 117
Crude 1.0 1.4
Adjusted for age 1.0 1.2
Multivariate adjustment* 1.0 0.9
Odds ratios are calculated in relation to patients with creatinine clearance
age, sex, year of operation, body mass index, diabetes mellitus, and unst
TABLE 4. Mediastinitis in 6555 patients undergoing corona
preoperative creatinine clearance
>90
OR OR
All patients n  1888,
15 infections (0.8%) 27
Crude 1.0 1.1
Adjusted for age 1.0 0.7
Multivariate adjustment* 1.0 1.0
Odds ratios are calculated in relation to patients with creatinine clearanc
OR, Odds ratio; CI, confidence interval. *Adjusted for age, sex, body mas746.e5 The Journal of Thoracic and Cardiovascular Surgery ● Serequire hemodialysis have a markedly increased rate of
mortality.19
The glomerular filtration rate (GFR) is considered the
best marker of renal function. Because the methods used to
measure GFR are costly and not readily available, most
often, GFR is estimated from serum creatinine con-
centrations. However, serum creatinine concentrations are
affected by other factors than the filtration of creatinine,20
which is why several formulas have been developed to
calculate Ccr. The most widely used formula is that of
Cockcroft and Gault,15 which takes sex, age, and weight
into consideration and is accurate even in patients with RI
who have normal serum creatinine concentrations.13
Earlier studies published on the prognostic importance of
non–dialysis-dependent RI in patients undergoing CABG
have often used serum creatinine concentrations to define
renal function. The definition of RI has commonly been a
serum creatinine concentration of 1.5 mg/dL (133 mol/L)
or more.9,10,12,21 However, a woman 70 years of age with a
weight of 60 kg and a serum creatinine level of 1.4 mg/dL
(124 mol/L) would have a Ccr determined by using the
formula of Cockroft and Gault of not more than 35 mL/min.
Similarly, a man 75 years of age with a weight of 70 kg and
ing coronary artery bypass grafting from 1980 through 1995
Creatinine clearance (mL/min)
60-90 30-60 <30
95% CI OR 95% CI OR 95% CI
3212,
dings (3.6%)
n  1391,
80 bleedings (5.8%)
n  64,
6 bleedings (9.4%)
1.0-1.9 2.2 1.6-3.2 3.8 1.6-9.2
0.8-1.7 1.7 1.1-2.7 2.8 1.1-7.1
0.6-1.3 1.0 0.6-1.7 1.4 0.5-3.9
0 mL/min or greater. OR, Odds ratio; CI, confidence interval. *Adjusted for
ngina.
rtery bypass grafting from 1980 through 1995 in relation to
Creatinine clearance (mL/min)
60-90 30-60 <30
95% CI OR 95% CI OR 95% CI
3212,
tions (0.8%)
n  1391,
14 infections (1.0%)
n  64,
1 infection (1.6%)
0.6-2.0 1.3 0.6-2.6 2.0 0.3-15.2
0.3-1.4 0.6 0.2-1.4 0.8 0.1-6.4
0.5-2.1 1.2 0.5-3.2 1.9 0.2-16.4
90 mL/min or greater.
x, and diabetes mellitus.ergo
n 
blee
of 9ry a
n 
infec
e ofptember 2005
Holzmann et al General Thoracic Surgerya serum creatinine value of 1.4 mg/dL (124 mol/L) would
have a Ccr of only 45 mL/min. Thus using serum creatinine
concentrations to assess renal function might greatly over-
estimate GFR.
This might explain why mild RI in our study was not
associated with early mortality as opposed to some earlier
studies in which serum creatinine concentrations were used
to define renal function.9,12 It is reasonable to believe that
the degree of RI was underestimated in these studies and
that several patients defined as having mild RI had moderate
RI instead.
We defined renal function according to the guidelines
published by the National Kidney Foundation.16 However,
the large number of patients included also allowed us to
divide the patients into 6, instead of 4, subgroups, according
to renal function. By doing this, we found that the risk of
early death seemed to increase continuously with decreasing
Ccr.
Whether there is a threshold in which RI becomes a risk
factor for early death after CABG still needs to be investi-
gated. However, we believe that RI should be regarded as a
continuous risk factor within each group of RI. There is a
quite considerable difference in renal function between a
patient with a Ccr of 30 to 35 mL/min and one with a Ccr
of 55 to 60 mL/min. Yet both of these patients are defined
as having moderate RI. In clinical practice it might be
appropriate to use more narrow intervals of Ccr than those
proposed by the National Kidney Foundation to get a more
accurate estimate of risk.
One of our objectives was to assess whether Ccr, as
calculated by the Cockroft-Gault formula, is a better pre-
dictor of early mortality than serum creatinine concentra-
tion. ROC analyses indicated that Ccr was better in predict-
ing early mortality than serum creatinine concentration. In
patients in whom anthropometric data are known, we sug-
gest that Ccr should be used instead of serum creatinine
concentration to assess renal function.
RI becomes more common with increasing age. It is also
present more often in patients with comorbidities associated
with increased mortality and morbidity after CABG. How-
ever, in our study RI remained a strong predictor of early
death, even after adjustment for several prognostic factors.
We used the Cockroft-Gault formula, in which age,
sex, weight, and serum creatinine are included to calcu-
late Ccr. All these variables are known to be associated
independently with early mortality after CABG. This
raises the question of whether there really is a biologic
link between the kidney and its level of function and
early mortality or if we simply have found a formula to
predict early death without a necessary link to kidney
function. Irrespective of which of these interpretations is
true, from a practical point of view, Ccr seems to be a
The Journal of Thoracic abetter predictor of early mortality than serum creatinine
concentration.
Because of the relatively large number of women in our
study, we were able to carry out sex-specific analyses. Our
results suggested similar associations in women as in men,
but there were too few deaths among women to show a
statistically significant difference in early mortality related
to Ccr.
Limitations
Our study was conducted at a single center, and it might
well be that the results are not applicable to all other
hospitals performing thoracic surgery. Some preoperative
conditions known to be of prognostic importance as chronic
obstructive pulmonary disease and priority of surgical in-
tervention were not available to us and thus were not in-
cluded in multivariate analyses.16,22,23 Other potentially
prognostic factors not included were New York Heart As-
sociation functional class, use of an intra-aortic balloon
pump, length of the operation, and crossclamp time. How-
ever, the number of obstructed coronary arteries was in-
cluded, which is closely related to crossclamp time and
length of the operation. In one earlier study crossclamp time
was not related to early outcomes in patients with RI.12 An
intra-aortic balloon pump was used rarely during this period
of time. It is possible that failure to include certain preop-
erative conditions in the multivariate analyses resulted in
some remaining confounding. In view of the strong associ-
ation that we observed, it is unlikely that this severely
influenced our findings. The postoperative complications
available in our study were bleeding and mediastinitis. We
do not know whether stroke, cardiac events, or acute renal
failure requiring hemodialysis postoperatively were related
to RI in our study population.
Our study population was younger and had less extensive
coronary artery disease than what has been reported in other
studies.24 It is likely that this will be of importance for the
confounding effect of these factors in analyses of Ccr and
early outcome. This makes any comparison of crude esti-
mates of risk between centers difficult and calls for well-
performed multivariate analyses.
In 17% of our patients, information on LVF was not
available. These patients were more likely to have unstable
angina and multivessel disease. Some of these patients
underwent emergency operations and did not undergo ven-
triculography. In multivariate analyses we included patients
without information on LVF to retain information on the
association between renal function and early outcomes. We
also performed multivariate analyses without including
these patients, but in these analyses the association between
RI and early mortality tended to be lower. RI was more
common in the group in which LVF was missing, thus
explaining this underestimation.
nd Cardiovascular Surgery ● Volume 130, Number 3 746.e6
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how to manage patients with RI undergoing CABG. How-
ever, in one recent study, perioperative dialysis in patients
with rather pronounced non–dialysis-dependent RI under-
going CABG (serum creatinine 2.5 mg/dL [222 mol/L])
showed decreased postoperative mortality and morbidity.25
Other studies have suggested that off-pump CABG offers
renal protection and decreases postoperative morbidity and
acute renal failure in patients with RI.26
Conclusions
Patients with moderate and severe RI have increased risk of
early mortality after undergoing a first isolated CABG, even
after adjusting for other known risk factors. We suggest that
all patients scheduled to undergo CABG should have their
renal function carefully assessed by using Ccr instead of
serum creatinine concentrations to better determine the risk
of early death postoperatively.
We thank Christian Unge, Henrik Overödder, and Björn
Törnkvist for collecting information from the medical records.
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Holzmann et al General Thoracic SurgeryFigure E1. Early death in relation to sex and creatinine clearance in 6555 patients undergoing coronary artery
bypass grafting.
Figure E2. Odds ratios for the risk of early death in 6555 patients related to creatinine clearance. Patients with
creatinine clearance of 90 mL/min or greater were used as a reference group. Adjustment was made for age, year
of operation, previous myocardial infarction, diabetes mellitus, peripheral vascular disease, and left ventricular
TABLE E1. Preoperative creatinine clearance in patients undergoing coronary artery bypass surgery in relation to sex
Men Women Total
Creatinine clearance (mL/min) n % n % n %
Missing value 126 2 30 2 156 2
90 1715 31 173 14 1888 28
60-90 2661 49 551 44 3212 48
30-60 906 17 485 38 1391 21
30 41 1 23 2 64 1
Total 5449 100 1262 100 6711 100function.
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